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ABSTRACT 

In the first experiment, the development of the 
ability to copy alphabet letters by black males aged 3i-9 (middle and 
low S.E.S.) vas studied, using a newly-developed scoring system. In 
the second experiment, kindergarteners learned to associate letter 
names with six lower-case printed letters by the anticipation method. 
The addition of an active-kinesthetic training component led to 
performance inferior to that following purely visual or 
passive-kinesthetic training. The final two experiments, in which 
nursery school and kindergarten children were studied, compared 
tactile-kinesthetic training and visual discrimination training on 
the ability to reproduce and to discriminate letters and letter-like 
forms. Training effects were "specific," in that discrimination 
training aided performance on the discrimination posttest, and 
reproduction training performance, in addition, the effects of 
discrimination training were seen on untrained as well as trained 
forms, but reproduction training effects were limited to trained 
forms. The results of these experiments did not strongly support the 
claims that have been made for tactile-kinesthetic training 
techniques by designers of a variety of remedial programs in reading. 
(Author/CS) 
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C 1 "HIS 



T he Development of the Ability to Copy Lett ers 



Research Into the ways In which 9ensory modalities develop and later- 
al t is essential to an understanding of how literacy skills are acquired. 
While there has been a substantial amount of work done on the visual and 
aural modalities, both of theoretical importance (Day and Beach, 1950; 
Ml ley and Palvio, 1968; Schulz, 1969) and also of relevance to reading 
instruction (Katz and Deutsch, 1964; Williams, Blumberg and Williams, 
1970; Williams, Williams and Blumberg, 1973), considerably less work has 
been done on the tactile-kinesthetic modality. Over the years, there has 
been interest in methods of instruction that rely heavily on tracing and 
copying (Fernald, 1943; Spalding and Spalding, 1957); and standardized 
tests ot form-copying, such as the Bender-Gestalt (Koppitz, 1964) have long 
been used as predictors of reading readiness (e.g., Keough and Smith, 1968). 
But there has been little systematic research of a fundamental nature. 

This lack of interest may reflect the current emphasis within psych* 
oiogy on psycholinguistics and cognition as well as the fact that technology 
has tended to make the "fine hand" obsolete. However, research in the area 
should not be neglected, for (at least) one reason: the perceptual-motor 
training involved in developing handwriting skill may also influence the 
development of the reading process itself. 

The only contribution of a theoretical nature that extends current 
interest in basic research on reading to the topic of writing was made by 
Gibson and Yonas (1968), who described the "fundamental graphic act," i.e., 
the child's early scribbling and the tendency to explore visually the 
Results of his scribbling. Gibson and Yonas stressed the importance of 
this activity for perceptual learning. 

Goodnow and Levine (1973) have considered form-copying as a type of 
task that can be used to analyze patterned or rule-governed activity. 
Braine (1972) takes the same approach, arguing from data on children's 
judgments of orientation that there are processing strategies in the per- 
ception of two-dimensional forms and that these strategies may change as a 
function of development. However, neither of these investigators has 
attempted to consider the implications of her work for the acquisition of 
reading and writing skills. 

There have been a few studies which have focused specifically on 
how the ability to copy forms changes with age. I_rch and Lefford (1967), 
for example, looked at the ability of middle-class children, five to 
eleven years old, to copy triangles and diamonds. As would be expected, 
older children were more able to identify components of a figure and to 
combine and reorganize parts of the whole. Graham, Berman, and Ernhart 
(1960) traced developmental changes in the reproduction of eighteen simple 
forms in children from two-and-one-half to five years old. Their samples 
included boys and girls, black and white, who varied widely in intelligence 
(TQVs from 75 to 173). The data indicated that a child's performance did 
not reflect discrete stages of development; rather, there was gradual 
improvement in ability over the ages tested. 
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The above stud! ok have concent rat cJ on the abilitv to copv simple 
geometric tonus. Indeed, even the educators who have been concerted about 
the relationship between viFuo-motor skill and reading* readiness have 
focused primarily on how children copy such forms rather than Focusing 
more directly on how they copy letters of the alphabet. 

Little research has been done on the manuscript style of handwriting 
that is taught to most pupils. Ames ar*d Ilg (1951) described gross changes 
in writing behavior that occur between the ages of three and nine, including 
not only the development of the form-copying per se but also of general 
posture and patterns of hand activity. Coleman (1970) ranked the lower- 
case letters in the order of difficulty that kindergarteners demonstrated 
in learning to print them. Lewis and Lewis (1965) assessed the relative 
difficulty of reproducing each of the fifty-two letters and tabulated the 
incidence of various types of errors on each letter. Their subjects were 
middle-class first-graders. Most of the conclusions were based on data 
confounded in terms of instruction — i.e., letter-productions prior to 
instruction and after six months of instruction were analyzed together. 
Stennett, Smythe, Hardy and Wilson (1972) did a similar study of children 
from kindergarten to third grade. In all of these studies, letter-repro- 
ductions were evaluated by means of judges 1 subjective ratings; no well- 
specified scoring systems were used. 

In recent years there has been a great deal of interest in learning i 
efficiency as it relates to group differences. When learning proficiency 
is assessed in terns of performance on standardized achievement tests or 
intelligence tests, middle-class children are generally superior to dis- 
advantaged children (Stodolsky and Lesser, 1967). While most of the evidence 
comes from such data, there is a small number of recent studies that deal 
with laboratory learning paradigms. These are important, because the tasks 
involved demand new learning and c*o not depend heavily on past learning. In 
contrast to the findings with intelligence and achievement tests, in these 
"new-learning" tasks disadvantaged children tend to perform as well as do 
middle-class children. For example, studies by Zigler and his associates 
(e.g., Zigler and Kanzer, 1962) have shown no difference in overall perfor- 
mance on a learning task between the two social classes, even though there 
were significant differences as a function of social class in terms of the 
effectiveness of various types of reinforcers (tangibles versus intangibles). 

Rohwcr, Lynch, Levin and Suzuki (1968) found no differences between 
children from high-strata and low-strata elementary schools on a paired- 
associates task. On the other hand, while Semler and Iscoe (1963), u*ing a 
similar task, did not find a difference in eight-to ten-year-old children, 
high-strata white subjects did better at the five-and six-year-old level 
than low-strata black subjects. Williams, Williams, and Blumberg (1973) 
found that middle-class white children were significantly superior to lower- 
class white children on both aurally-presented and visually-presented paired- 
associates lists at the second-grade level; no socio-economic status 
differences appeared at the fourth- and sixth-grade levels. A second 
experiment replicated these findings for black children. 
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Practically all the work to date on the relationship of basic learning 
a 1 i Lilies and soc io-economic status has been done in verbal learning; per- 
cept ual-mu tor skills have been neglected in this context ♦ Most of the 
studies mentioned above, for example, focused on middle-class children; or, 
as in the case of Graham, et al., data from several types of children were 
collected hut not differentiated* 

There were two major purposes of the present experiment. The first was 
t r;u:e the development of the ability to copy the letters of the alphabet 
over a wide age range (three to nine), using a newly-developed scoring 
system Lhat is well specified and highly reliable. The second purpose was 
to cOi /are the performance of children from two socio-economic levels on 
this basic perceptual-motor skill. 



METHOD 



Subje cts 

Subjects were 196 black males, all right-handed, enrolled in public 
schools, Get Set Centers, aid private nursery schools in Philadelphia. At 
each age level (three to nire), fourteen children of low socio-economic 
status and fourteen of middle socio-economic status were tested. 

Materials 

Each upper-case and lewer-case manuscript letter was printed indi- 
vidually on a 6" x 9" card. Letters were one to two inches tall. 

P rocedure 

Four booklets, each containing a different random order of the fifty- 
two letters, were prepared. Subjects were assigned one of the four booklets 
randomly. Each letter was presented to the subject individually, and, with 
the standard in view, he was asked to copy it with a beginner's pencil on a 
sheet of paper the same size as the stimulus card. Ample time was allowed 
for completion of the task. There were two sessions with each child, held 
on consecutive days or with a maximum of one day intervening. Twenty-six 
letters were copied at each session. 

Scorin g 

A scoring system was developed in which each letter was evaluated in 
terms of two general criteria, each weighted equally: first, the method of 
reproduction and second, the overall appearance. The maximum score for a 
letter is 6.0. A detailed description of the scoring system is presented 
later in fhis report. 



The reliability of the scoring system was determined by randomly 
selecting five reproductions of each of six letters at each of the sewn 
ago levels. The letters E, f, g, k» N> and p were selected as representa- 
tive of the entire alphabet. The thirty-five reproductions for each 
letter were scored independently by two people, and a Spearman rank 
correlation coefficient was computed for each letter separately. Correla- 
tions ranged from .96 to .99. 

To assess the validity of the scoring system, the same set of 
reproductions were used. The thirty-five samples of each letter were 
ranked from 1 (best reproduction) to 35 (poorest reproduction), and these 
rankings were correlated with a set of scores obtained using the scoring 
system. Spearman rank correlation coefficients, corrected for tied observa- 
tions, were calculated. Correlations ranged from .62 (E) to .86 (k) . 

A second, independent assessment of validity was done, using the same 
r>ix letters (E, f, G, k, N, p) . Eight reproductions of each letter were 
randomly selected from the three-year-old, four-year-old, and five-year-old 
subjects. Four judges ranked the twenty-four samples of each letter from 
best to poorest, and the mean of the four judges' rankings was correlated 
witli a set of scores obtained using the scoring system. Spearman rank 
correlation coefficients, corrected for tied observations, were calculated. 
Correlations ranged from . 7!» (E) to .92 (k and p). 



RESULTS 



Mean reproduction scores (method and appearance subscores separated) 
as a function of age and socio-economic status are presented in Figure 1. 
An analysis of variance was computed on the total reproduction score 
(equally weighted on method and appearance). There were two factors: age, 
with seven levels (3-9), and socio-economic status, with two levels — low and 
middle. Similar analyses were also done on the method subscore and on the 
appearance subscore separately. Table 1 presents the results of these 
analyses. In all three analyses, both factors were significant. That is, 
performance increased with age; and performance was superior for middle-class 
subjects. There was also a significant interaction, such that the differences 
between the middle-class and lower-class subjects appeared only at ages three 
and four. 

Table 2 presents the correlations between the method and the appearance 
subscores as a function of age and socio-economic status.' There was a sub- 
stantial positive correlation at the younger ages, but as age increased, the 
correlation decreased. At age nine, the correlations were negative, though 
neither reached significance. 
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FIGURE 1 



Mean Reproduction Score by Age and 
Socio-economic Status 
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TABLE 1 



Analyses of Variance on the Re t . Scores 

d f ms F 



(a) Total score: 

A (class) 1 24,399.33 34.12"* 

B (age) 6 118,281.87 165.44** 

AB 6 10,052.20 14.06** 

Error 182 714.92 

(b) Method score 

A (class) 1 9,711.96 27.88** 

B (age) 6 26,486.15 76.03** 

AB 6 3,360.83 9.64** 

Error 182 348.33 

(c) Appearance score 

A (class) 1 3,320.64 17.81** 

B (age) 6 33,059.97 177.36** 

AB 6 1,832.84 9.83** 

Error 182 186.39 



**p«; .001 
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TABLE 2 



Correlations Between Method and Appearance Sub scores 



Socio-economic S tatus 

Age Low Middle 

3 .90** .95** 

4 .91** .74** 

5 .66* .54* 

6 .07 .48 

7 .42 .14 

8 .32 .18 

9 -.43 -.34 



*p<.05; ** p<.01 
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DISCUSSION 



Tht usefulness of the scoring system was demonstrated not only in 
terms of its high reliability and validity but also by the results of this 
developmental study. The data indicated clearly that the ability to copy 
alphabet Letters increases with age? as would be expected. Mor^ver, the 
fact that the middle-class children performed significantly better than 
did the lower-class children, but only at the lowest age levels, corroborates 
previous findings (Williams, Williams and Blumberg, 1973), ^us the develop- 
ment of this basic tactile-kinesthetic skill is similar to the development 
of learning tasks involving the visual and aural modalities. The present 
data suggest that the task and also the method of scoring the data will be 
of value in further experimental work. 

The finding that the correlations between method of reproduction and 
overall appearance are highly positive at early ages and decrease as age 
increases was unexpected. It would appear that as children get older, they 
become so adept at this copying task that they can produce a letter that 
resembles the standard even if they do not follow prescribed methods. 
However, before this point :.s reached, the method of reproduction is of 
greater importance. If a cl ild follows prescribed procedures, the overall 
appearance of his reproduct: ons will be closer to that of the letter 
standards. It would seem reasonable on the basis of these findings to 
investigate further the relationship between method of reproduction and 
quality of the final product, i.e., the overall appearance of the letter, 
in an instructional setting. 

/ 
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Using a tactile-kinesthetic method to learn le tter names 

The clinical literature abounds with recommendations for llw use of 
"kinesthetic" or "tactile" techniques in reading instruction, .is .my textbook 
wLU Indicate (Robeck and Wilson, 197U). Many of tbesc techniques follow 
from the well-known Fernald method (Fernald and Keller, 1921; Feriuilri, 1943). 
One of Fernald 1 s recommendations for remedial reading instruction consists 
of the following: The teacher writes a word as a demonstration. Vae child 
then traces the word with his finger and pronounces it at the same time. 
He repeats this procedure until he can read and write the word on his own* 

One reason why such jactile-kinesthetic practice might be effective 
is that it might enhance labelling, or associative learning. Recent analyses 
of the processes involved in reading have stressed the development of grapheme- 
phoneme correspondences, which in many important ways can he understood in 
terms of the paired-associates learning paradigm (Samuels, 1968; Williams, 
1968). Samuels (1973) has pointed out the complaxity of this apparently 
simple paradigm. One of the several processes involved consists of visual 
discrimination, i.e., identifying and differentiating the visual stimuli 
(the graphemes). A likely way in which this visual identification occurs is 
through the mechanism proposed by Gibson (1962; 1970), i.e., the abstracting 
of the distinctive features of the forms, or, in other words, those dimen- 
sions of difference that distinguish the stimuli. 

There are relatively few experimental studies of training in the 
tactile-kinesthetic modality, and the ones that exist do not lead to any 
conclusions as to the effectiveness of such training. Roberts and Coleman 
(1958), using a word-recognition task, found that visual presentation plus 
tracing was significantly more efficient than visual presentation alone for 
12-year-old dyslexic boys. However, the same comparison for a normal group 
yielded no significant difference. Ofman and Shaevitz (1963), working with 
male disabled readers with a mean CA of 13-1/2 years, found both finger- 
tracing and eye-tracing, where the subject visually followed a moving point 
of light as it followed the outline of a nonsense trigram, significantly 
superior to simple visual presentation. 

But in general, experiments do not indicate superiority for kinesthetic 
training: for example, Berman (1939), working with 9-year-old dyslexics, 
Kirk (1933), working with retardates whose mean CA was 10 and mean MA 7, and 
Mills (1956), working with children in grades 2 to 4. Otto (1961) found 
that second-graders learned a paired-associates list in fewer trials with 
tactile-kinesthetic "reinforcement," but visual reinforcement was more 
efficient with fourth-graders. There was no preference for any specific 
mode at the 6th grade level. Forster (1941), working with adults, found 
the addition of a tactile-kinesthetic component to training to be signifi- 
cantly inferior. 

Tt would appear likely that the effectiveness of tactile-kinesthetic 
training would be greater at young ages. Piaget (Piaget and Inhelder, 1956; 
Flavell, 1963) sees tactile experience as a necessary prerequisite to 




0 o ? i i ^ 



perceptual and intellective development. Zaporozhets (1965; 1%°) .Uso 
emphasizes the role of motor activity in the development of p«'iveptu«l 
processes especially in the early yearn. However, the results ul studies 
on younger children, while iewer, are just as inconclusive. Levin, Watson 
ami Peldman (1964) found ttu.t for first graders, tracing was effective an 
pretraining for associative learning, but only when the most salient cue, 
tlie initial grapheme, was tiaced. Ringler and Smith (1973), whose study 
involved a relatively extensive instructional treatment (7-1/2 hours), 
found no superiority on a word-recognition task for kinesthetic training, 
either for all their first-grade subjects or for those who had previously 
been characterized as "kinesthetic" learners. Using a kindergarten popula- 
tion, Jensen and King (1970) found no difference in word-recognition after 
training involving tracing, manipulative re-arranging of constituent 
letters, or matching-to-sample . 

The present experiment, designed to investigate the effectiveness of 
the tactile-kinesthetic modality in associative learning, differs in 
several respects from the studies cited above. First, a younger population, 
kindergarten children, was studied, following the suggestions from previous 
data and developmental theory. Second, the task, while following the same 
paradigm, was simplified so that (a) it was appropriate for the younger 
subjects, and (b) it provided a meaningful task in terms of reading instruc- 
tion: the children were required to label printed lower-case letters with 
their appropriate names. Third, a slightly difficult question in terms of 
kinesthetic training was asked, and the experimental treatments varied 
somewhat from previous studies. 

Recommendations as to teaching techniques based on tactile-kinesthetic 
learning include copying as well as tracing; these are two quite different 
activities. One major difference between them is that copying involves 
more active participation on the part of the subject. No experiments have 
been noted that evaluate this particular training procedure, although very 
often one hears from classroom teachers that tracing per s e does not assure 
that a child's attention will be focused effectively, because of the pas-jive 
nature of the activity. 

it must be concluded that the purely motoric aspect of the tactile- 
kinesthetic task cannot be responsible for its effectiveness. The Ofman 
and Shaevitz study suggests, rather, that its efficacy is due to the fact 
that it forces the child's attention to the critical features of the stimuli 
to be differentiated. This hypothesis has received some corroboration from 
findings in other experiments: while discriminative motor responses are 
significantly superior to labeling responses in preschoolers' learning of 
left-right distinctions (Jeffrey, 1958), the manual motor response can be 
supplanted by demonstrations that highlight the relevance of orientation 
(Koenigsberg, 1973). 

The present experiment compares the following conditions: 

(1) active kinesthetic training (AK) , in which the child is asked 
to copy letter forms from a model (which is always available) 




10 

0 ft 0 i 9 



(2) passive kinesthetic training (PK) » in which the child is asked 
to watch the experimenter trace the outline of letter forms 

(3) no kinesthetic training (NK) , in which the child simply looks 
at the letter forms. 

A secondary purpose of the experiment was to compare the perform* "ice 
of middlo-i: lass and lower-class children on this task. Most of l ho wntk to 
date on the relationship of basic learning abilities and socio-economic 
status lias been done in verbal learning (Rohwer, 1968; Williams, Williams 
and Blumberg, 1973), but no previous studies on the effects of tactile- 
kinesthetic learning have coi sidered this issue. 

Thus the design was a three by two factorial, with thiee levels of 
presentation-mode and two levels of socio-economic states 



METHOD 



Subjects . 

Subjects were 108 bla< k kindergarten children, half male and half 
female. Half the subjects vere drawn from Philadelphia public schools whose 
population, based on scores on standardized aptitude and achievement tests 
and on educational level and r cupational category of parents, could be 
classified as middle-strata. The other half were drawn from lower-strata 
schools. 

However, at the kindeigarten level itself, no standardized test scores 
were available. It was felt that pretest screening on the experimental task 
itself could serve as a useful indicator of the child's relative standing in 
his class; knowledge of letter names is generally considered a good predictor 
of reading achievement (Chall, 1967). Thus the subjects were those for whom 
difficulty in reading was likely* 

Materials . 

The stimuli consisted of six lower-case Roman letters 1.5 and 2.5 
inches tall, printed on white 5x8 cards. The letters a_, £, h, r, and 
jr were chosen to minimize visual conf usabili* y as well as auditory contus- 
ability. Each subject in the AK group also used a f x 8 inch unlined 
writing tablet and a beginner's pencil. 

Procedure . 

The anticipation method was used. That is, a stimulus card was 
presented and the subject was given three seconds to name the letter shown. 
After each response, the experimenter said "Yes, good, it i_s an 'a/" or 
"No, it's an 'a,'" thus providing reinforcement for correct responses, 
correction for errors, and equating the number of times the subject heard 
the name of the letter. Each subject was seen once for approximately twenty 
minutes. He was told that he was to play a game and that he would receive 
a prize (an animal sticker) at the end of the game. 
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A pretest was administered. Each of the six letters was presented 
individually, and the subject was asked to name it. Tf the child correctly 
named two or fewer letters, he was included in the experiment. Following 
the pretest, pretraining was given. Using a rapid drilL pace, the experi- 
menter repeated each letter name. The subject pronounced each one 
immediately afterward. The list of six names was randomized for each 
subject. The list was completed twice in this manner, in order to insure 
that the subject's responses would be correctly recognized during tiaining. 

Training. 

Total training time was equated for all three treatment groups. Tht 
time required for training of each AK subject was used to determine Lhe 
total training time for one subject in each of the other two groups. For 
the Pk subject, this amount of time was divided by 18 (the number of 
stimulus presentations) so that each letter stimulus would have an equal 
exposure time. For the NK subject, additional training trials were 
presented until the specified amount of time had elapsed. 

Group AK . 

Three acquisition tri..ls were given, each one consisting of a 
different random order of the six letters. A letter card was presented, 
and the subject's response was reinforced if correct, corrected if wrong, 
and provided by the experimenter if no response was made within the three- 
second time allotted. The subject was directed to repeat the correct 
letter-name after it was given by the experimenter, and then to copy Lhe 
letter on a clean sheet of pad paper. After this first copy, the subject 
repeated the letter name, aud copied the letter a second time. (The 
subject repeated each letter-name three times during the presentation of 
each item <?nd the experimenter, four times.) 

Group PK . 

The same procedure was followed except that the experimenter traced 
the outline of each letter on the stimulus card while the subject watched. 
As in group AK, the subject pronounced each letter-name three times per 
item, and the experimenter, four times. 

Group NK . 

The same anticipation method, with three seconds allotted for a 
response, was used. The difference procedurally lay in the number of 
exposures to the stimuli, for additional trials (new random orders) were 
given until the total training time that had been specified by the Group AK 
subject had elapsed. 

Post test . 

Immediately following the completion of training, all subjects were 
given the posttest, which was identical to the pretest. 
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RESULTS 



In order to obtain 108 subjects who met the pretest criterion, it was 
necessary to pretest a total of 161 children. In the low-strat/i schools, 
7^ children were pretested and 19 excluded. In the middle-strata schools, 
88 children were pretested and 34 excluded. The difference in proportion 
excluded was not significant (%2=r 2.873 f d.f. = 3). In addition, eight 
subjects were dropped from the sample because they were uncooperative . One 
subject was eliminated because, at the end of the letter-name pre-training, 
the experimenter could not evaluate his responses. 

Preliminary analysis of the data indicated that males and females 
did not differ as a function of either treatment or social class, so in 
subsequent analyses the scores for both sexes were combined. 

Correlations between pretest and posttest scores were computed for 
each of the six experimental groups. Pearson it's were significant in five 
cases. Table 3 presents these correlations. 

Table 4 presents the analysis of covariance performed on the pretest 
scores, using the pretest score as the covariate. This analysis indicated 
that the main effect of training was significant (F = 3.50; d.f. - 2,101; 
p^.05), the effect of S.E.S. was not significant, and the interaction of 
the two variables was not significant. Orthogonal comparisons indicated 
that there was no significant difference between the PK and NK groups 
(F*C1; d.f. = 1, 101). The AK group was significantly inferior to the 
other two groups (F ■ 6.99; d.f. - 1, 101; p^.01). Table 5 presents the 
adjusted posttest means. 

DISCUSSION 



The results indicate clearly that tactile-kinesthetic training did 
not lead to improved performance on the associative task. In fact, the 
active kinesthetic training group was significantly poorer than the other 
two training groups. It is possible tha*. the added requirements in the AK 
task were in fact distracting to the subject rather than facilitating. This 
possibility was raised by Forster (1941), whose results were similar to 
those of the present study, and by Bee and Walker (1969), whose experiment 
evaluated tracing and copying in a paradigm different from the associative- 
learning paradigm. 

While these findings, taken with those of previous studies, do not 
indicate that the Fernald method itself is not of value, it does suggest 
that perhaps the basis for the success of the method does not lie in the 
tactile-kinesthetic training itself. An analysis of the source of the 
effectiveness of the remedial educational program would require (a) the 
isolation A all possible task components that might be responsible for the 
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TABLE J 



Correlation Between Pretest and P osttest Score 

Training Condition 
A.K. P.K. N.K. 
Lower S.E.S. .68** .64** .59** 

Middle S.E.S. .64** .61** .55 

(d.f. in each case = 35; ** p <r.01) 
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Analysis of Covarlanc e 

d. f . m.s. £ 

Training Croup 2 5.44 3.50* 

PK vs. NK 1 .003 /X 

PK vs. (PK + NK) 1 10.88 6.99** 

S.E.S. 1 3.59 2.31 

Interaction 2 2.66 1.71 

Error 101 1.56 

* P -^.05; ** p 4C-01 
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TABLE 5 



Adjusted Mean Posttest Score 



Training Condition 





A.K. 


P.K. 


N.K . 


Mean 


Lower Class 


1.17 


2.20 


2.38 


1.91 


Middle Class 


1.40 


1.70 


1.55 


1.55 


Mean 


1.28 


1.95 


1.96 


1.73 
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effectiveness oi the total program and, (b) the evaluation of each of them 
singly and perhaps in combination with certain others. An evaluation of 
the effectiveness of tactile-kinesthetic learning, on the other hand, 
should include an analysis of all the various ways in which this type of 
training might be utilized; the associative-learning paradigm is only one. 

While the difference between the proportion of children that were 
screened oat in the middle class and the lower class on the basis of the 
pretest was not significant, it was substantial enough to orovoke specula- 
tion. The excluded proportion was larger in the middle class sample; this 
is in Line with the higher level of achievement generally found in those 
schooLs. Were the middle-class subjects who actually participated in the 
experiment, then, more disabled in reading, relative to the other children 
with whom they would be compared? These children did show relatively less 
sensitivity to the various experimental conditions. (Again, this was a 
tendency in the data only.) Might this reflect the fact that these children 
see themselves as relative failures in their classrooms and thus exhibit 
lower levels of motivation for school tasks? The present data do not allow 
for conclusive answers to these questions. 
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Visual Discrimination ^s Tact iie~Kinesthctic Training 



In Bee and Walker's (1969) study, four- and five-year-old children 
were given training consisting ui pulp ting to detailed features or tikui^ies 
and c 1 1 e lt i is i wh ieh led to better drawings, hut when tracing \ equ i renu n ts were 
added, post-test drawings were worse than pro-test diawlngs. 'I he icmli^ of 
the experiment, however, were equivocal y lor the training was relatively 
briot, and the subjects who traced showed much fatigue. 

Within regular kindergarten classes, Pryzwansky (1972) eompaied the 
effects at three widely-used perceptual motior training programs, Uo of which 
involved fine-motor exercises focusing cn non-letter forms and one of which 
involved training in manuscript writing. Whi le the program that had letters 
of the alphabet as its content significantly improved post-training scores, 
no effects were noted in tests of visual discrimination ability. 

The question can be reversed, of course. Does visual discrimination 
training enhance the ability to copy? Hirseh and Niedemieyer ( 1 9 7 J ) found 
that the addition of discrimination training to letter-formation training 
did not improve performance on a post-test requiring the ability to copy the 
letters used in training. Rand (1973) gave three- to five-year-olds visual 
analysis training on simple geometric figures, consisting of printing and 
counting sides and corners of figures, and discrimination training with 
feedback (i.e., placing transparent outlines of the standard figure over 
samples). This training did not help the child's ability to copy accurately. 



In a slightly different type, of experiment, Strayer and Ames (1972) 
found that four- and five-year-olds given perceptual training in using 
orientation as a discriminative stimulus significantly improved in copying 
performance, whether or not the specific aspects of the particular forms 
to be copied on the post-test were used in training. None of those 
different types of discrimination training led to improved copying in young 
learning-disabled children in a study by Axelrod (1974). 

Considering all the studies cited above together, it appears that the 
effectiveness of either training method is limited to performance on tests 
involving similar procedures; it does not generalize to other tasks involving 
the same stimuli. The studies demonstrating this are those by Williams 
(1969); Rand (1972) ; and Hirsch and Niedermeyer (1973); none of the other 
studies conflicts with this finding, but they were more limited in their 
experimental conditions. 

The studies are less clear as to whether the training effects transfer 
to novel stimuli content (forms and letters) not used in training. Hirsch 
and Niedmeyer's experiment did not include a test of this sort of transfer. 
Rand found that both discrimination training and reproduction training were 
effective in improving performance on both trained and untrained stimuli. 
It should be noted, however, that her reproduction training was of a 
different variety: she taught "drawing rules," which involved planning one's 
drawing by making dots at the corners of figures and then connecting the 
dots. Performance in this task did improve with training, but it did not 
transfer to more typical copying, where there was no such stimulus support. 
(One of Hirsch and N ledermeyer 1 s experimental groups was trained with a 
similar technique, involving gradual withdrawal of the supportive dots; no 
improvement on a regular copying post-test was 3een.) Koenigsberg 1 s , Bee\s, 
Williams', and PryzwaskyVs studies w*re not designed to answer this question. 

ERJC 18 



Many of the earlier studies that investigated the effectiveness of 
tactile-kinesthetic training did so in the context of rather complex situa- 
tions. The effectiveness of such training was often evaluated on a measure 
such as word recognition or word retention, invoLving one or another varia- 
tion of a paired-associates paradigm. For example, Of man and Shaevitz (1963) 
compared tracing with visual presentation on a test of written recall of 
three-letter words. Jensen and King (1970) :ised a simple oral rradlng tost 
of the words that had been used in training. Levin, Watson, and Feldman's 
(1%4) criterion was the ease of learning to attach labels to "words" con- 
structed from artificial graphemes after pre-training which either did nor 
did not involve tracing. 

The results of a fairly large number of such studies do not indicate a 
strong superiority for tactile-kinesthetic training. Even if they did, it 
would be difficult to identify the specific mechanisms by which the effect 
occurred. For example, it might be a function of the amount of attention 
that is focused on the stimuli (Ofman and Shaevitz, 1963; Wiener and Goodnow, 
1970) rather than the motor activity per se . 

There have not been nuny experiments that ask a question that, while 
still complicated, is relatively straightforward, i.e., what is the effec- 
tiveness of such training ok visual discrimination? Williams (1969), working 
with children who had just I egun their kindergarten year, compared reproduc- 
tion training, involving tracing and copying letter-like forms, with 
discrimination training of two types, (1) where the comparison stimuli were 
quite different from the standard, and (2) where they were transormations 
(rotations and reversals) of the standards. 

Reasoning from Gibson's (1962) hypothesis that improvement of visual 
discrimination depends on learning the distinctive features of the forms to 
be discriminated, i.e., those dimensions of difference that distinguish the 
stimuli, Williams predicted that the second discrimination training condition 
would be superior to the first. The dependent measure was a set of matching- 
to-sample tasks involving the letter-like forms used in training and trans- 
formations of them, presented singly and in clusters. The results were as 
predicted. When subjects were kindergarten children who had had only a 
couple of months of school, the reproduction training group was only as 
effective as the simple discrimination training group, suggesting that if 
content in a discrimination training procedure were carefully chosen, it 
would force the Ss to attend to more criterial attributes of the stimuli than 
would simple discrimination training but not as many as discrimination-of- 
transformations. A replication of the experiment done toward the end of the 
kindergarten year showed no differences among training groups. 

Koenigsberg (1973) compared a variety of training procedures including 
tracing, aligning standards with comparison figures, and observing align- 
ments. She tested achievement on matching tasks with both line figures 
and difficult-to-discriminate letters. Her results indicated that demonstra- 
tions of the relevance of orientation were sufficient to produce improved 
discrimination and that the various forms of sensor i-mo tor training did not 
improve performance further. 
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The purpose of the present experiment is to determine the relative 
effectiveness of tactile-kinesthetic training (tracing and copying) and of 
visuai discrimination training on (a) the ability to reproduce lettor-Jiko 
forms, and (b) visual discrimination* A further question to be answered is 
whether or not the effectiveness of such training generalizes to novel, 
untrained material of the same type as the stimuli used in training. 



EXPERIMENT 3 



METHOD 



Subjects 

Subjects were ninety blick males enrolled in Get Set Centers and public 
kindergartens in Philadelphia, whose population, based on educational level 
and occupational category of parents, could be classified as disadvantaged 
(poverty) schools. There were thirty subjects from each age group, three- 
year-olds (i.e., between three years, two months and four years of age at the 
start of the experiment), four-year-olds (four years, two months to five years), 
and five-year-olds (five years, two months to six years). 

Materials 

Six upper-case letters were used. All subjects were trained on the 
letters T and E, and test included those letters plus F, L, C and Q, singly 
and in combination. Stimuli were presented on 5" x 8" cards. In addition, 
the Reproduction group used 5 M x 8" unlined paper and beginner's pencils. 

Design 

The experiment was a 3x3x3 factorial, with ten subjects per cell. 
The age variable (3 % A, and 5-year-olds) and the training group variable 
(discrimination, reproduction, and control) were between-subject factors; 
the letter-group variable (letters used in training; similar transfer lecters; 
and different transfer letters) was a within-subject factor. 

Procedure 

Each subject was seen thr^r times. At the first session, the first 
twelve items of the Beery-Bukttnica Test of Visual-Motor Integration (1967) 
were administered and scored according to the test manual. In addition, 
there was an Alphabet-Naming test, in which each of the twenty-six upper- 
case Roman letters was presented individually in random order and the 
subject's score was the number he named correctly. 

At the second session, two pretests were administered anl training 
was begun. In the reproduction pretest, the subject was asked to copy erich 
of the six letters on unlined paper. The sample letter remained visible to 
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the subject as he copied it. In the discrimination pretest, twelve 
simultaneous matching-to-aauiple items were presented. Four had single- 
lettei standards, four had pair standards, and four had triad st^iuUndj. 
All standards and alternatives consisted of combinations of T and K or of 
C and Q. Subjects were asked to underlines, among four alternatives, the one 
identical to the standard. Half the subjects received the discrimination 
pretest first, and the other half, the reproduction pretest. One-third of 
the total amount of training followed. 

At the third session, the final two-thirds of training was given, 
followed by two posttests. Both the reproduction and the discrimination 
posttests were identical to the pretests; half the subjects received one 
test first, and half the subjects, the other first. 

A scoring system developed by Williams was used, in which each letter 
was evaluated on two general criteria, each weighted equally: first, thr* 
method of reproduction, assessed in terms of the number of lines drawn and 
the order and direction in which they were drawn; and second, the overall 
appearance, evaluated according to a series of criteria specified for each 
letter individually (accurate intersection, angularity, accurately propor- 
tioned curved segments, etc). The total possible weighted score for a 
letter was 6.0, and thus, with six letters in a test, the best score possible 
for an individual subject was 36.00. 

In order to determine the reliability of this scoring system, thirty 
pretest reproductions of each of the six letters (T, E, F, L, C, Q) were 
randomly selected, ten from each age group. These were scored independently 
by two people. A Spearman rank correlation coefficient was computed on the 
thirty scores for each letter separately; none of the correlations was below 
.95. Overall, the correlation for the method subscorc was .98 and, for the 
appearance subscore, .96. (The judges had had prior experience in rating 
a preliminary sample.) 

To determine the validity of the scoring system, the same 180 repro- 
ductions were used. Four judges were asked to rank the thirty samples of 
each letter from best to poorest, and the mean of the four rankings was 
correlated with the scores obtained using the scoring system. Spearman rank 
correlation coefficients, corrected for tied observations, were obtained. 
With the exception of the letter C, for which the correlation was .77, all 
correlations were .86 and above, the highest (L) being .95. 

Training 

Discrimination : Training items consisted of eighteen simultaneous 
matching-to~sample iteme , using T and E, with equal numbers of single, pair, 
and triad standards. The total time taken by each subject was noted and 
was used as the basis of equating training time among groups. 

Reproduction ; Subjects traced and copied the two training Letter*. 
(T and E) alternately. The standards were displayed continuously. Each 
subject in this group was given the same amount of training as had been 
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TABLE 6 



Mean Scores on Pretest Measures 



Discrimination Reproduction 
Letter-Naming Test Beery Test Pretest Pretest 

Age (maximum - 26) jm^yhnum ■ 12) (maximum = 1 2) (maximum - 36) 

3 4.03 3.18 4.70 14.29 

4 6.18 4.95 6.48 22.89 

5 17.43 8.13 9.33 29.17 
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Carre Lai ions Among Fry teg t Mea R iiros 



Age 3 Discrimination Reproduction Beery Letter-naming 

Discrimination X -55** -31* .23 

Reproduction X .49** .73** 

Beery X .20 

Letter-naming X 

Age 4 

Discrimination X .34* .19 .42** 

Reproduction X .57** .55** 

Beery X .28 

Letter-naming X 

A g e 5 

Discrimination X .20 .26 .26 

Reproduction X .50** .10 

Beery X .22 

Letter-naming X 



* p<.05 
** p< .01 
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TABLE 8 
Experiment 3 

Analysis of Covariance Table for the Discrimination Post-t est 

df ms F 

Between subjects: 

A (Age) 2 38.822 25.57** 

B (Training Method) 2 10.956 7.22** 

B 2 - B4 1 0.284 1 

2B X - (b 2 + B 4 ) 1 21.627 14.25** 

AB 4 2.263 1.49 

Lrror 80 1.518 

Within subjects: 

C (Letter type) 1 18.049 15.42** 

AC 2 0.487 

BC 2 2.814 2.40 

ABC 4 3.609 3.08* 

Error 80 1.170 

*p. <.05; **p.< .01 
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taken by a subject in the discrimination group. Instructions were given, 
such as: "Let's start this time at the top. Let's start here. Do this line 
first. See if you can make your lines come together like this. Look how 
long this line is; make yours like that." 

Control : During a time period equal to that taken in training by a 
discrimination subject, each subject looked at a picture book that 
contained no printed words. 



RESULTS 



Description of the experimental sample 

The mean scores on the Beery and the letter-naming tests, as well as 
on the discrimination and reproduction pretests, are presented in Table 6. 
As expected, all four scores increased with age. The most dramatic increase 
occurred between the ages of four and five on the letter-naming test. The 
Beery scores fell with age expectations according to standardization data 
on the Beery test. 

Pearson product-moment correlations between each pair of tests are 
presented in Table 7. It would be expected that the most substantial 
correlations would be found between the Beery test and the reproduction pre- 
test scores, since both of these tests are similar in intent and in scoring. 
Indeed, most of the correlations between tests are significant at ages three 
and four, including the correlation between the Beery test and the repro- 
duction pretest, but the latter is the only correlation that remains 
significant at age five. 

An analysis of covariance with age, training method, and type of 
letter as factors was performed on the scores on the discrimination post- 
test. Discrimination pretest sccue was the covariate. 

Table 8 presents the results of the analysis, and Table 9 presents 
the adjuste3 means. Performance increased with age, and specific compari- 
sons indicated that performance at each age was significantly different 
from that at the other ages. 

The training variable was also significant. Orthogonal comparisons 
indicated that discrimination training was significantly different from the 
other two conditions (F * 14.25; df - 1, 80; p^.01), which did not differ 
(F<1, df = 1, 80). Performance on the half of the post-test containing 
the letters that had been used in training was significantly superior to 
that on the other half of the post-test. None of the two-way interactions 
was significant, but the three-way interaction was significant at the .05 
level. 
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TABLE 10 

Experiment 3 

Analysis of Covariance Table for Reproduction Post-test 

df_ ms F 

Between subjects 

A (age) 2 85.010 21.780*** 

B (training method) 2 11.874 3.042 

AB 4 5.853 1.499 

Error 80 3.903 

Within subjects 

C (type of letter) 2 6.656 2.812 

AC 4 6.267 2.648* 

BC 4 3.567 1.507 

ABC 8 0.796 0.336 

Error 160 2.367 

* p ^05 
*** p <..001 
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A similar analysis of covariance, using pre-test score as the covariate, 
was done on the reproduction post-test scores. (See Tables 10 and 11.) 
Again, performance improved as age increased, with performance at each age 
level significantly different from performance at each other age level. 
There were no significant differences among training methods nor among the 
types of letters. Only one interaction was significant, that between age 
and training method. This interaction was due to a high score for the four- 
year-olds on the similar transfer letters (F and L) . 



DISCUSSION 



The finding that discrimination training was significantly better than 
reproduction training on the discrimination test corroborates* previous findings. 
In the present experiment, post-test performance on the trained letters was 
significantly superior to that on the untrained letters, suggesting that 
effects of training do not transfer beyond the specific content used in 
training. No firm conclusions can be drawn from the present data, however, 
because the training letters and the transfer letters had not been equated in 
difficulty prior to the experiment. (Over all ages, the mean pre-test score 
for T and E was 4.33, and for C and Q it was 3.90.) There is no logical 
reason for the three-way interaction, and in view of the fact that none of 
the simple interactions reached significance and that there was no a priori 
reason to expect a three-way interaction it should be ignored. 

Turning to the reproduction test, the main effect of training method 
did not prove to be significant in the present experiment. The most likely 
explanation for this result is that the experimental treatments were not 
designed effectively enough. It is felt that too little time was devoted to 
training. Because of this, the hypothesis that the differences between 
training methods would vary as a function of age can, of course, not be 
assessed effectively by this experiment. 

The fact that the performance of the four-year-old subjects was 
particularly high on the similar transfer letters led to a significant age- 
by- training-method interaction. Again, there is no reason to expect such 
an effect, and without replication, does not warrant speculation. 

Overall, the results of this experiment indicated that the experimental 
situation, generally speaking, was appropriate for the assessment of the 
hypotheses. However, the need for certain specific modifications in the 
design was noted. First, the use of Roman upper-case led to limitations in 
conclusions that would not have been necessary had content equated in diffi- 
culty prior to the experiment been used. Second, the training methods did 
not prove effective in demonstrating any differences that might be present on 
a reproduction criterion test. The following experiment was designed to take 
into account these issues. 
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EXPERIMENT 4: 



METHOD 



S ubjects 

Subjects were forty black children enrolled in two day-care centers 
in Philadelphia. Half were male, and half, female. The families of the 
subjects met the Federal socio-economic criteria for participation in Get 
Set (Headstart) and Day Care centers; thus the subjects were homogeneous 
in relation to low socio-economic status. All subjects were between the 
ages of forty-eight and sixty-six months at the time of the experiment. 

Materials 

Six letter-like forms, adapted from Gibson, Gibson, Pick and Osser 
(1962) and previously used by Williams (1969), were used. Three of these 
forms were used as standards in training, and all six were used in testing* 
The set of three training forms and the set of three non-training forms had 
been found to be equal in difficulty in the previous research (Williams, 
1969). Stimuli were presented manually, the 2.5" letters drawn on 4" x 6" 
cards. 

Design 

The experiment waS a 4 x 2 x 2 factorial, with five subjects per cell. 
Within the training method variable, there was (a) reproduction training; 
(b) discrimination training; (c) combination training; and (d) no training. 
Sex was the second factor. The third factor was type of letter-form and 
was the only within-subject factor: (a) forms used in training, and (b) 
forms not used in training. 

Procedure 

Each subject was seen five times. At the first session, scheduled on 
the Thursday or Friday preceding the Monday on which the training was begun, 
pretests were administered. There were three fifteen-minute training 1 * J y* - 
sessions, one per day. If more than one session were missed (because of 
absence from school), the subject was dropped from the study. The fifth 
session, held on the day immediately following the final training session 
(i.e., on Thursday or Friday), was devoted to post-testing. 

Pre-tests 

Four tests were administered, including the Beery-Buktenica Test of 
Visual-Motor Integration (1967) for children from two to eight, and an 
alphabet-naming test, in which each of the twenty-six upper-case Roman 
letters was presented individually in random order and the subject's score 
was the number he named correctly. The third test was a reproduction 
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pretest, in which the subject was asked to copy six items composed of the 
three letter-like forms to be used in training. Unlined paper was used. 
Each standard form remained visible to the subject as he copied it. Each 
of the first three items consisted of one of the forms presented individually; 
each of the next two items contained two of the three forms; and the last item 
presented a combination of all three forms. The fourth test was a discrimina- 
tion pretest, consisting of eighteen simultaneous matching-to-st nnd.ml items 
involving the three training letter-forms. Six items involved choosing a 
match to a standard consisting of a single form, where the (four) alternatives 
consisted of transformations (rotations and reversals) of that standard. 
Another six items consisted of a pair of letter-like forms as the standard; 
the tour alternatives included (1) the correct choice, (?) the first iorm 
correct and the second, a transformation of the second form, (3) a trans- 
formation of the first form and the second form correct, and (4) the two 
correct forms but in reverse order. The last six items presented all three 
forms as the standard, and the four alternatives consisted of (1) the correct 
choice, (2) the first two forms correct and a transformation of the thrid, 
(3) a transformation of the first and the last two correct, and (4) all three 
forms correct but with their order reversed. 

Placement of the correct alternative in the response array was balanced 
over all items. Pretests (.ind posttests) in all cases were administered by a 
different person than the one conducting the training sessions. 

Training 

Reproduction training consisted of copying the three letter-like forms. 
When errors were made, feedback was given by the experimenter as to correct 
method of drawing the letters (using the same criteria as built into the 
scoring system) • Training items were the three standards used in the pre- 
test. Each daily training session was divided into three five-minute sections. 
During the first five minutes, the subject copied singly-presented forms (cf. 
the first three items on the pretest). During the second section, he copied 
pairs of forms, and during the third section, he copied sequences of three 
forms. Within each section, the appropriate standards were presented in 
random order and were repeated until the five minute period had elapsed. 

Discrimination training consisted of simultaneous matching-to-sample 
practice on the items that had appeared on the discrimination pretest. There 
were three five-minute segments, during which single^form items, pairs, and 
triples were presented, in that order. Throughout each five-minute portion 
of training, appropriate items were presented in random order. Feedback as 
to correct choice was given on all items. 

Combination training consisted of both discrimination and reproduction 
training, identical in format and content to the other two groups. Only half 
as much time for each type of training was given; within each five-minute 
section of a session, the subject chose whether he wished to do the repro- 
duction tasks (2-1/2 minutes) or the discrimination tasks (2-1/2 minutes) 
first. No training was given to the control group. 
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Postteit 



The reproduction posttest consisted of two parts. The first part was 
identical to the reproduction pretest. The second part, consisting of 
another six Items, was exactly the same in format but was constructed from 
three letter-like forms that had not been used in training and transforma- 
tions of those forms. 

The discrimination posttest consisted of two parts. The first was 
identical to the discrimination pretest, and the second part consisted of 
another eighteen items exactly the same in format to the pretest but 
including the same three letter-like forms and transformations of them used 
in the second part of the posttest. 



RESULTS 



Table 12 presents, foi each treatment group, mean chronological age 
and mean scores on the letter-naming and the Beery tests, as well as on the 
discrimination and reproduction pretests. All four treatment groups were 
comparable in age (F<[1.00, df = 3, 32), alphabet-naming score (F = 1.44, 
df = 3, 32), the discrimination pretest (F - 1.001, df *= 3, 32), and the 
reproduction pretest (F = 1.40, df = 3, 32), and there were no sex differences 
on any of these measures (a] 1 relevant Fs below 2.50, df = 1, 32). There were 
initial differences on the Beery test (F = 4.53, df = 3, 32, p <T«01). A 
Neuman-Keuls test revealed that the reproduction group differed significantly 
from both the discrimination and control groups but not from the combination 
group . 

Pearson product-moment correlations between p^irs of the following 
variables: chronological age, the Beery test, the alphabet-naming test, and 
the discrimination and reproduction pretests, are presented in Table 13. 

To test whether the pretest and the posttest were indeed independent 
of one another, the scores on these tests were correlated for both the dis- 
crimination and the reproduction tasks. The obtained correlations were .66 



and .61, respectively. 




Analysis of covariance, using pretest score as the covariate, was 
performed on the discrimination posttest. There was a significant difference 
in performance among the four training conditions. Table 14 presents the 
analysis of covariance. Specific comparisons indicated that discrimination 
training was superior to the other three training conditions (F = 8.10; df - I, 
31; p<.01), which did not differ among themselves <F * 1.20; df = 1, 31)* 
Neither of the other main effects, sex and type of letter, was significant. 
None of the interactions was significant. Figure 2 presents the mean 
(adjusted) scores as a function of training condition and type of letter. 
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TABLE 12 
E xperimen t A 
Mean Scores on the Pretext Measures 



Alphabet- 





Age 


Naming 


Berry 


Discrimination 


Rep roduct ion 


Train van Condition 


(mos . ) 


Test 


Test 


Pretest 


Pretest 


Male 


60.40 


13.60 


5.00 


8.20 


21.90 


Reproduction 












Female 


57.00 


4.80 


3.60 


4.80 


22.53 


Male 


59.80 


14.20 


7.00 


5.60 


28.34 


Discrimination 












Female 


56.60 


16.60 


6.60 


5.60 


26.43 


Male 


59. CO 


12.80 


6.40 


7.40 


27.70 


Combination 












Female 


59.80 


21.00 


7.80 


8.60 


34.84 


Male 


58.60 


17.00 


5.60 


6.60 


29.50 


Control 












Female 


54.00 


8.60 


5.00 


6.20 


25.64 
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TABLE 13 



Experim ent 4 

Correlation s Among Pretest Measures 

Discrimination Reproduction Tetter- 

Pretest Pret est Beery darning Age 

Discrimination 

Pretest .27 .24 .29 .24 
Reproduction 

Pretest .46* .60* -.31 

Beery # 43* .34* 

Letter-Naming . 10 

Age 

•p ^.05 
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TABLE 14 



E xperiment 4 



^£ 1 L1X5J s ^ ovat * 0 n _P e on the 
Post test Discrimination Scores 



df m F 

Between subjects 

A (Training Method) 3 6 3.821 3.10* 

A 1~ A 4 1 .001 <1 

(A 1 +A 4 )«2A 3 ! 24.778 1.20 

(A 1 +A 3 +A A )-3A 2 1 166.685 8.10** 

B (Sex) 1 4.096 <rl 

AB 3 11.099 <1 

Error 31 20.574 

Within subjects 

C (Type of letier-f onn) i 8.450 1.98 

AC 3 4.817 1.13 

BC 1 1.384 <1 

ABC 3 1.257 <1 

Error 31 4.269 

*p -C.05 
**p-C.01 
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FIGURE 2 

Mean Discrimination Scores (Adjusted) 
Function of Training Method 
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Similar analyses wer performed on the reproduction data, and the 
results are presented in iable 15 and Figure 3, Again, the main effect of 
raining method was significant. Sex was not a significant factor, and the 
interaction between those two variables was not significant. The third 
factor, type of letter tested, was significant: performance on forms that 
had been used in training was superior to that on untrained forms. Only 
one interaction, between training method and type of letter, was significant. 
Partitioning the interaction sum of squares into orthogonal components 
revealed that all of the interaction was accounted for in the comparison of 
the Reproduction and the Combination training groups, on the one hand, with 
the Discrimination and Control groups on the other, on the two sections of 
the post-test (F = 26.38; df « 1, 31; p-^.001). That is, on the trained 
forms only, Reproduction and Combination training did not differ from each 
other, but they were significantly superior to the other two training groups, 
which did not differ from each other. 



DISCUSSION 



The results indicated that effects of training were quite specific: 
that is, discrimination training improved performance on the discrimination 
test but not on the reproduction test, and reproduction training led to 
superior performance on the reproduction test and not on the discrimination 
test. The combination training was as effective as the reproduction 
training on the reproduction test, however, which suggests that either half 
as much reproduction training was as effective as the total amount that was 
given to the reproduction groups, or perhaps that the addition of some dis- 
crimination training enhances the effectiveness of reproduction training on 
a. reproduction criterion. 

The degree of "specificity" of the two tasks varied in another way as 
well. While the effects of the discrimination training were seen on both 
parts of the post-test, i.e., on the forms that had been used in training 
as well as on those that had not been used in training, the effect of 
reproduction training was present only on the trained forms; the training 
conditions did not differ in terms of performance on the untrained forms. 
Thus the "specificity" of reproduction training is even stronger than that 
of discrimination training. 

Such findings are consonant with those of previous studies. The 
implications for instruction, especially for reading and writing, seem 
clear. One cannot rely on transOr from training on one task to another, 
even though both deal with the . ie content (alphabet letters). Rather, 
the perceptual learning involved in the development of the ability to 
differentiate between letters and the acquisition of the ability to copy 
letters must be considered in terms of optimal curriculum development as 
separate tasks. 

Presumably, whatever is learned in the training of letter-discrimina- 
tion — the ability to identify and contrast the distinctive features, 
according to Gibson (1970) — will transfer when the child is faced with novel 
letters. But the letter-formation training to be pursued in the development 
of good handwriting must focus on all the letters; improvement on novel, 
© untrained forms cannot be expected. 
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TABLE 15 



Experiment: 4 



Analysis of Covariance on the 
Post test Reproduction Scores 





df 


ms 


Between subjects 






A (Training Method) 


3 


641.751 


B (Sex) 


1 


7.711 


AB 


3 


49.515 


Error 


31 


90.245 


Within subjects 






C (Type of Letter) 


1 


200.343 


AC 


3 


233.603 


A^ , vs • ^2^' ^2 


1 


3.451 


^2' ^4 — " ^1' ^2 


1 


4.900 


Ai + A3, A2 + A^ vs. 


c l» c 2 1 


662.458 


BC 


1 


4.012 


ABC 


3 


20.787 


Error 


31 


25.110 



7.11* 
<1 
-rl 



7.98** 
8.905** 

<1 

<1 

26.38** 
<1 
<1 



*p <£.05; **p <\01 
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FIGURE 3 



Mean Reproduction Scores (Adjusted) as a 
Function of Training Method 
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CONCLUSIONS AND RECOMMENDATIONS 



1. The system developed for scoring reproduction of alphabet letters 
proved reliable, valid, and useful in experimental work. 

2. The development of basic tactile-kinesthet: z skill is similar to 
the development of tasks involving the visual and aural modalities. 

3. Active-kinesthetic training proved significantly inferior to 
purely visual and to passive-kinesthetic training in a paired- 
associates paradigm, indicating that the value of the tactile- 
kinesthetic presentation mode in remedial reading programs does 
not derive from its enhancement of associative learning. 

4. Visual discrimination training led to superior performance on a 
discrimination test, while reproduction (tactile-kinesthetic) 
tracing led to superior performance on a reproduction test. 
Moreover, the effects of discrimination training were seen both 
on forms that had not been used in training and on forms that had 
been trained, but reproduction training effects were limited to 
the forms used in training. These findings suggest that tactile- 
kinesthetic training (and discrimination training, to some extent) 
is relatively specific in its effects. 

5. The results of these experiments, while not conclusive, do not 
strongly support the claims that have been made for tactile- 
kinesthetic training techniques by designers of remedial programs 
in reading. This statement holds for the associative-learning 
paradigm, which most of the experiments to date have used, as 
well as for a perceptual-learning paradigm as used in Experiments 
3 and 4. Unless further research leads to different conclusions, 
expectations for tracing, copying and other such instructional 
techniques should be tempered. 
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APPENDIX 



A Scoring System for Alphabet Letters 

The system is based on two equally weighted divisions for scoring of 
letters: method of reproduction and appearance. The method of reproduction 
Is further br^'en down into three categories — number of lines drawn, Drder 
of lines draw... ' direction of lines drawn. Each letter has a total 
possible raw scc_ jf 4.0 (1.0 for each method category and 2.0 for the 
appearance category) which, after weighting, yields a possible weighted 
score (referred to as TOTAL SCORE) of 6.0: that is, (1 x Method/Raw Score) 
■v (3 x Appearance /Raw Score). 

METHOD OF REPRODUC TION 

For each letter there is a constant 1/n (where n is the optimal 
number of lines for that letter). Every score in the three Method cate- 
gories shouid be . multiple of this constant for jhe specific letter. 
After category 1 (number of lines) is scored, all irrelevant lines or 
extra lines should be disregarded. That is, scoring for order and 
direction of lines should be based only on the lines which best fit the 
standard. 

1. Number of lines : For each extra line drawn and/or each line 
missing, subtract 1/n from 1.00 to obtain score. Alternatively, each line 
drawn, from 1 to the optimum number, gives £ 1/n credit. If the correct 
number of lines is drawn, the score will be n (1/n) = 1.0. For more than 

n lines drawn, give score of (-1/n) for each extra line drawn. Do not give 
negative scores; for scores below 0.0, give 0.0. 

2. Order of lines : This is based only on those lines of best fit. 
The same lines should be used for this and category 3, direction of lines. 
If a curve is drawn where two lines are specified, consider if. as two 
lines for these categories. 

Credit as follows: 

(a) 1/n noints for line 1 drawn first (or for the lowest- 
numbered line of those lines of "best fit" in the event 
that more lines were drawn than the n of the standard) 

(b) 1/n points for line 2 (or next highest) following line 1 
U) 1/n for line 3 (or third highest) following line 2 

(d) etc., for all n lines (see examples below). 

3. Direction of lines : The number of directions is not always equal 
to the number of lines in a figure. When, for example, a curve of more 
than 180 degrees is involved, the number of directions is increased by one, 

as in the case of the letter 0, which has 1 line, 1 order, and two directions, 
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or in the case of the letter U, which has one line, one order, and three 
directions (downward vertical, horizontal across the bottom, and upward 
vertical on the right). Each line drawn in the correct direction receives 
credit of 1/n. Direction is determined in relation to the letter itself, 
and not in relation to its orientation on the page. 

APPEARANCE 

This category has a maximum score of ] .0 for each letter. Criteria 
are listed separately for each letter (see chart below). Give 1/n credit 
for each criterion satisfied. 

General Criteria: 

1. Proper orientation on page, i.e., no rotation in excess of 

20 degrees 

2. Distinct, conrinuous, relatively straight lines 

3. Distinct, continuous, relatively smooth curves 

4. Accurate intersections, no substantial griping or overhanging 

5. Angularity accurate within 10 degrees of specification 

6. Accurately proportioned curved segments 

7. Accurately proportioned line components 

8. Accurate placement of midpoint intersections within 10 percent 

9. No lateral reversal 
10. No vertical rotation 

All specifications are approximate: 

(a) Angles may vary 10 degrees from the specification 

(b) Midpoints may vary by 10 percent of the total length of a line 

(c) Percentages may vary within 10 percent unless limits are 

otherwise stated. 
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Methorl ; 

Cumber of linen: 3 

Hurtfor of Directions: 3 
Appearance : 

1. JVop^r orientation on the page. 

2. Distip^t, continuous, relatively straight 
linen. 

3. Accurate intersections with nc substantial 
Rapping or overhanging 

4. The diagonals intersect to form an angle 
of 45 degrees. (Angle A - 45) 

5. The diagonals are equal in length. (AC - AD) 

6. The horizontal intersects the diagonals at 
their midpoints, (A3 «- EC; AS - ED) 

7. Ko vertical rotation. 



Method: 

ftircber of lines: 2 

Kuwber of directions : 3 
Appearance: 

1# Proper orientation on the page. 

2. Distinct, continuous, relatively straight 
line. 

3* Distinct, continuous, relatively smooth 
curve. 

4. Accurate intersections with no substantial 
gapr/m;-; or overhanging. 

r h* yerrle;0 cutr off no nore than 15' 
of Uk* c r »ve2 curve. tJ 

5. A round or vertical oval chap-j, i.e., a 
horizontal rtjaveter is 73 '-100 ' of a - 
vortical dtv-jt-r. (CP * 75-1 00 BD) 

7. This length of the vortic is equal to the 
length ot % a vertical dimeter of the curves 
(A? » BD) 

8. Wo latru-aL reversal. 
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f.'unbcr of lino s: 3 
Ku-iber of directions: 5 j 
Appearance : 

1. Proper orientation on the pa«e; 

2. Distinct, continuous, relatively straight 
line. 

3» Distinct, continuous, relatively mnooth 
curves. 

Accurate intersections with no substantial 
Rapping or overhanging. 

5. The curves are equal in size; the lower 
curve nay be slightly larger. (rnC «= A SB) 

6. Toe distance between the vertical and the 
outermost point on a curve is 25 '-75* of 

25^75^ n \cj ° f vcrtica1, ^ D3 " *° " 

7. The cui'ves intersect the vertical at its 
midpoint. (AB * BC) 

8. I'.o lateral reversal. 

9. Mo verticil rotation. 



Kethod: 

Hi:":}--!' of lin.'u: 2 

Number of directions: 3 
Appearance : 

1. Proper orientation on the paje. 

2. Distinct, continuous, relatively straight 
line. u 

3. Distinct, continuous, relatively smooth 
curve. 

4. Accurate intersections with no substantial 
gappin~ or overhanging. 

ihe vortical cuts 0x r no more than t5 ' 
of the co-pl:t.->d curve. 

5. A round or vertical oval shore, i.e., a 
horizontal diT->tcr is 75 00 1 of a 
vortical diar-jter. (CD « 75-100 5 ,';?) 

7. The length of tin vertical is twice the 
10,13th of a vertical dia^tcr of the curve. 
(AD * 2 F,V) 

8. ?.o 3at.:v;;l reversal. 

9. f.'o vertical rotation. 
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y«thod: 

Kunber of lines: l 

Kunbsr of directions: 2 
Appearance : 

1. Proper orientation on the page. 

2. Distinct, continuous, relatively smooth 
curve. 

3. A round or wrl'.jal oval r.hipe, i.e., a 
horizontal dinrater is 751-100$ of a 

, vertical diar.-ter. (CF - 75-100 4 BI)) 
Ihe open segment is 20,1-40.; of the total 
circunference. 
5. The op.n segment (AC) includes equal 
portions of the upper right and lover 
right quadrants, i.e., no lateral reversal. 



Kethod: 

foinb^r of lines: 1 

f lumber of directions: 2 
Appearance: 

1. Prop-r orientation on the oage. 

2. Distinct, continuous, relatively smooth 
curve r 

3« A round or vertical oval shiwj, i.e. a 
horizontal diameter is 73 '-IOCS of a* 
vertical diar..ot_-r. (CF «= 75-1001 B0) 

4 . The open se.-jr._Mt (A«S) is 20 '-40:4 of the 
total circurrferunco. 

5. The o P ;n segr.cn t (A3) includes equal 
portions of the upper right and louer ri-ht 
qaacJr;.ius, i.e., no lateral reversal. 
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Method: 
Kunber of lines: 2 

Kunber of diicctions: 2 5 
Appearance: 

1. Projvr orientation on the pa<je. 

2. Distinct, continuous, relatively straight 
line, 

3* Distinct, continuous, relatively smooth 
curve, x 

Accurate intersections with no substantial 

gapping or overhanging. 
5t The distance tetvjen tho vertical and the 

outermost point on the curve is 25'1-75# 

of tho length of the vortical. (3D = 25-?^\C' 
6. Mo lateral reversal. 



lYethcd: 

Kunber of lines: 2 

Kunber of directions: 3 
Appearance : 

*• *?°?: r orient ^ion on tho pr^e. 

2. Distinct, continuous, relatively straight 
line. 

3. Distinct, continuous, relatively smooth 
curve. 

4. Accur^e interactions irith no substantial 
f;arpxn t < or cvj^nn-ln;*, 

5. The v-rLical is tangent to the curves and 
pcrp-indicular to a horizontal baseline. 

ofvCS^l ofr ™ ™w than \tf 

vertical dii:-::t(?r. (CI) «" 75-1001 SF) 
7. The lm-jth of th.j vertical is twice the 

length of a vortic.il disaster of the curve. 

(A3 « 2 3?) 
3. I'o l.-t-.-ral rrjvorj.il, 
9. f.'o vertical rotation. 
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Kethod: 

Hunker of lines: iv j 

Hunter of directions: k 
Appearance : 

1. taop»r or lent.** I. ion on the page. 

2. Distinct, continuous, relatively strairht 
lines. 

3. Accurate intersections uith no substantial 
panning or overhanging. 

^. The horizontals arc perpendicular to the 

vertical. (Anglo A « Angle C - Angle ADS - 90) 

5. The outcrnost horizontals arc equal in 
length. (\F - CD) 

6. The outermost horizontals arc 50' - 100^ 
of the length of the vertical. (AF = CD - 
50-100". AC) 

7. The center horizontal is 50^ - 100 i of the 
IOoI'aF)* OUt0r horiaont? ls. (B3 » 501- 

8. The center horizontal is located at the 
midpoint of the vertical. (AD » EC) 

9. No lateral reversal. 



?->thod: 

FJunbcr of lines: 2 

Nunbor of directions: 3 
Appearance : 

1. Proper orientation on the page. 

2. Distinct, continuous, relatively straight- 
line. 

3. Distinct, continuous, relatively smooth 
curve. 

k. Arourato intersections tdth no substantial 
Rapping or overhanging. 

5. A round or vertical oval, shaco, i.e., a 
horizontal dio-jter is 75*5 100 of a 
vertical dia»sr>!.-r. (CA • 75-100 ', 3D) 

6. pe open segnn.t (SA) is 5 \ - 10', of the 
total circunfer:nco. 

7. The horizontal (CA) is a bisector of the 
curve . 

8. I!o 1-teral iwjraal. 

9. Ho vertical rotatior. 
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Kethod: 

Number of lines: 3 - 3 

Number of directions: 3 
Appearance : 

1. Proper orientation on the pa^c. 

2. Distinct, continuous, relatively straight 
linos. 

3* Accurate intersections xdth no substantial 

napping or overhanging. 
k. The horizontals are perpendicular to the 

vertical. (Air;le A = An*;lc ABD ^ 90*) 

5. The upper horizontal is 50 f > - 100^ of 

the length of the vertical. (A r J - 50-1001 AC) 

6. The lo;:er horizontal is 50' - 1001 of the 
length of the upoer horizontal. (BD 50^ 
1001 AE) 

7* The louer horizontal is located at the 
midpoint of the vertical. (A3 = BC) 

8. So lateral reversal. 

9. No vertical rotation. 



Kethod: 

Number of lines: 2 

Ilumbor of directions: 2 
Appearance: 

1. ;or orientation on the page. 

2. Distinct, continuous, relatively straight 
lines. 

3« Distinct | continuous, relatively smooth 
curve. 

h. Accurate interjection vith no substantial 
ppint- or overli?r»gins« 

5* The horizontal is poiTrr.dicular to the ver- 
tical. (An^le iXO = 90) 

6. The distance between the vertical and the 
outermost point on the curve is - 501 
of the length of the vertical. ( DA =» ZVo - 
50 \ CF) 

7« The curved scrrvmt extends through 2t?S 

of tin length of the vertical. (CD = CD?) 

8. '"p." J Oi\" ::entn] i , 33 '-'/O ' of the 

oT the v.svtiaal^ ( v'J - 33-00*' CK) 

9. The horizontal ra 1 vertical intersect at 
their .-.WvDinLj. ( :0 - CG; CO * OF) 

10. Uo lateral reveal. 

11. tfo v<-rtic*l rotation. 
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Kethoct: 

Hurler of lines: 2 ■ 5 

fluucji- of directions: 3 
Appcir. inco : 

It Yvopsr orion I. itjon on the page. 

2. Distinct, continuous, relatively straight 
Line. 

3. Distinct, continuous, relatively sn-ooth 
curve. 

4. Accurate interaction irith no substantial 
rrfnplng or overhanging. 

5. A round or vertical ov.tl shape, i.e., a 
horizontal di.f-.jter is 75'1 - 100? of a 
vertical di. ~.:tor. (C5 - 75-100' RD) 

6. Jho open r,r-, 7 : >nt (A3) is an arc of k$ degree 
/. ine horizontal is a radian of the curve. .' 

(ob = 50 0 co,;) 

8. The op 3 n so-jnt is located in the upper 
rx-nt quadrant, i.e., no lateral reversal. 

9. to vertical rotation. 



Method: 

fiurb-r of lines: 2 

Ku:;>e:- of directions: 3 
Apoeay.'.eo : 

1. Proper orientation on tlv: pa^e. 

2. i:j::tinot, co,itin UOUS| relatively straight 

3. n-i3ti.net, continuous, relatively sr.ooth 
curves. 

K Accurate interactions x.ith no substantial 
or ov.s'hxn^in;;. 
vertical , • . off po r ore than W, ' 
? ' co'-,;:. ■ -.,] cMrv-,, 
5. A rner.f1 or v -i Licnl ovrt shape, i.e., a 
l.c-.ir.ontal d:- >ter is 7^ - 100-', of a 
y uv.ie.-l ell .» ,'ter. (Ci' - 75-100*5 3')) 

,U: ' L ;' V ' J ; "^«Jon t;-j vertical rnd the 
cuter. ost root on its curved 3cr;nt is 
bO , of the 1 - : th of the vortical. (10 «• 50', 
8. 'me curved :--, r.L of the vortical extends 
'!} ? -' ; ,J " ^- ^.th of th> vertical. 

9 - ! ••t':lh r.s' t':, vert is U:io th- 3«n"'- 

0: ,« '.jrtle-i ,«..>• ,tei „f Lb: cvr/j. (AH = '?' 

10. l'.!.> rri i ,.. v .,-.;il. 

11. J 1 ;-ti.eal ;-.-» --'.ion. 

0 0 .M) M 



I'ethod: 

i."n:;l or of ] itics: 3 

i-urbor of directions: 3 N 
Appvivmce: 

1. Proper orientation on the prrrc. 

2. Dis tinct, contiguous, relatively straight 
lines. 

3. Accurate intersections with no substantial 
fCappin.T or ovo.-han,'{intf« 

4. The horizontal is ■ r>ei T ^ndicular to the 
verticp.li. ( An~Je ,yy. : ^ Arv;lo ,. v;fJ r , 0Q j 

5. 'ihe horizontal is 50 5 - 100*5 of the "«»n«»th 
of the verticils. (;:;• - 30 I AC) 

6. '.he ver'i c->l : ; are equal in lc<n-;th. (AC » ED) 
/. 'he horj gonial intersects the verticals at 

their rddpoints. (A3 = EC «= F2 = ED) 



Method: 

forcer of Lines: 2 

Nur:'<-~r of directions: 3 
Apcc; r 'nee : 

t. Proper orientation on the pa.^c. 
2. Distinct, continuous, relatively straight 
lines. 

3- Distinct, continuous, relatively smooth 
eiP've. 

.'couritr .inl<--.>clicn rilh no snbsfntial • 
•;nopj.n~ ov ovir:rn;;in». 

5. V!" districn bot-sc.i tfc? verticil ar.-l the 
outerrosc point en the curve! s:e.~;nt is 

( 1 • = 50 » /> r,c) 

6. ihe cur.-d se,: ?nt extends throM-h ^0 ' of 

tr.« lee;ih or' the l«ft. vertical. (FIJ ^0 J \C 
/. l.'-j rj«:nt vertical s->;;.:ent is iw.il] ol to 

th: left v-rMc.il. C-.0 ABC)' 
o. !.e Is tori J. r— , srsal. 
9. :.o vertical, rotation. 
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I-.'ethod: 
Kunber of Dines: 3 

Nur-bor of directions: 3 
Appearance : 

1. Proper oriontati: . on the pa^c. 

2. Distinct, continuous, relatively straight 
lines. 0 

3. Accurate intersections trith no substantial 
Rapping or overhanging. 

4. The horizontals are porp.ndicular to the 
vrUval. ( An;;le AB2 «= Anjlc D r ':B ■= 90) 

5. The hoi 'eontal-j arc 50I of the length of 
the vertical. (AC « 50' Bi; DF » 50 < BS) 

6. The hori"ontoDs intersect the vertical at 
their midpoints. ( A3 *= BC; DS » BK) 



Method : 

Kumher of linos: 2 

Nuv.lor of direction:*: | 
Appearance : 

1. Propjr orientation on the page. 

2. Distinct, continuous, relatively straight 
line. 0 

3. Distinct placer ont of dot. 

h. Tho dot is pl-o.-vl directly above tho vortical 
at a disttnco of *J\ - 50 S of the length of 
the vor'ical. (AB « 25-50 ' DC) 

5. l.'o vortical rotation. 



60 



0 0 o71 



Met nod: 

lumber of linos: 1 

Number of directions: 1 
Appearance: 

i# Proper orientation on the page. 

2. Dis'.inct. continuous, relatively straight 
lino. 

3. Distinct, continuous, relatively smooth ' 
curve. 

4. The curved cegr^nt extends through 25 5 of 
the length of tlo vortical. (BC « 25/> ABC) 

5. The riist;\ncc bet;:?en the vertical and the 
out^r.voct point on the curvo is 50/5 of the 
length of the vertical, (D3 « 50.2 ADC) 

6. Mo lateral revcrcal. 
?• No vortical rotation. 
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Kcthod : 

Number of linos: 2 

Lumber of directions: \ 
Appearance : 

1. Proper orientation on the page* 

2. Distinct, continuous, relatively straight 
line. 

3« Distinct, continuous, relatively srr.ooth 
curve. 

h* Dislir.ot plnco; ;nt of dot. 
5* The cufve/i sepvnt extends through 25 ?> of 
the lvn;:th of c.h- vortical. (CD « 25* PCD) 

6. The distance h:t-:?en the vertical ^ the 
outer- o:;t point cn the curved segment is 
25 > - ;; cr' of the length of the vertical, 
(rc « ?5-50l EC")) 

7. The dot is plac:l directly above the vortical 
at a d J stance of 25 1 - 50' of the length of 
tho vortical, (n - 25-50 S LCD) 

8. f!o lateral reversal. 
9- V.o vertical rotation. 
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ireltiO'l: 

lumber of linos: 3 > 

?.Tu:bor of directions: 3 
Appearance: 

1. Proper orientation on the p.'V'ic. 

2. Distinct, continuous, relatively straight 
lines. 

3# Accurate intersection;; vdth no substantial 

napping or overhannin*. 
h. The di\;onals fona an ancle of 75 decrees. 

(Angle WD * 75) 

5. The angles fomcd by the vertical rnd ad- 
jacent diagonal are equal. (An^lc AB3 « tablet? 

6. ihe fiio-:oj).>l;; are ccml in length. 

7. The diagonals are 50;5 - 100^ of the length 
of the vortical. ( f 5d « 50-100;'. ADC * BD) 
The diagonals intersect the vertical at its 
midpoint. (A3 = EC) 

H. No lateral reversal. 



Method: 

ftui.ib?r of lir-ps: 3 

ftiabor of directions: 3 
Appearance : 

1. Proper orientation on the pa^;e. 

2. Distinct, continuous, relatively straight 
lines. 

3» Accurate Intersections with no substantial 
fiappin;: or overhanging. 

4. The dii»;;o;jals interject to form an angle of 
90 derr-^G. (?ivj t lo TlD - 90) 

5. The an;{lo.j forr.od by the vertical and adja- 
cent diagonal are equal. (Angle AI33 » An-jle CI- 

G. The di?-onals ere 23 1 - 33'* of the length 

of the vertical. (ZZ - IO - 25-33' <VJC) 
7- The dia^culs intersect the vortical at a 

point 25 ' frori the base of the vortical. 

( jC - 25 5 ADC) 

"o lateral reversal. 
Mi vertical rotation. 
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Itothcd: 

Kunbcr of linos: 2 

Number of diroctioric: 2 
Appearance : 

1. Proper oricnl.it ion on the page. 

2. Distinct, continuous, relatively straight 
lines • 

3 # Accurate interaction tdHt no furtvjtnntial 

gapping or overhanging. 
k. The horizontal, is perpendicular tp the 

vertical, (A^glo D c 90) 

5. The horizontal is 50*' - lOOfS of the length 
of the vertical. (DC - 50-100;1 AB) 

6. Co lateral reversal* 

7. No vertical rotation. 



Method: 

Kunbor of lines: 1 

CirToor of directions: 1 
Appearance: 

1. Propor orientation on the page* 

2. Distinct, continuous, relatively straight 
line. 
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Method: 

Kumtxir of linen: h \ 

Kun'cor of directions: 4 
Appcatvncc: 

1. Proper orientation on the page. 

distinct, continuous, relatively straight 
lines. 

Accurate intersections <dth no substantial 
Capping or overhanging, 

Jlw diagonals fora'anglcs of 40 degrees with 
I 40) j ° Ct;nt vcrtic ^s. (Angle A = Ancle C 

The verticals are equal in length. (AD - CD) 
.no diagonals are equal in length. (A3 » CE) 
Ins diagonals intersect at a point midway 
totvoon the verticals at the height of 
tnolr midpoints. (?* * EG; AF = FBj CO - GD) 
t.'o vortical rotation. 



2. 

3. 
4. 



5. 
6. 

7. 



8. 
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Method: 

dumber of linos: 3 

ftincor of directions: 5 
Appearance: 

1, Proper orientation on the page. 

Distinct, continuous, relatively straight 
lines. 0 

Distinct, continuous, relatively nrooth 
curves. 

/cctratc inters motions vith no substantial 
g'pping or ovr/ii-nging. 
[jhe curved ce^.-.ts arc equal in size. 
.1:- c:irvwl sv.vnti extend through 100 -1 of 
-he 1 -ngth of the xoft vertical. (TJ - A3) 



2. 

3. 
4. 

5. 
6. 



7. 

8. 

9. 

10, 



•hs chance t-U-i.1 the left vertical and 
ci.o outenro-jt roint on tho right vortical 
s^:-nt is IV) of th<j length of tho loft 
vortical. (;.:!'•; - 150^ ad) 
ifij vertical rrvjnta of the curves are 
pir»H~l to the left vertical. 
•■» 3 't-ril i..vr-;al. 
f.'o v rtical rotation. 
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Method : 

Kunber of line:*: 3 * 

Ktuub-T of directions: 3 
Appoarnvro: 

t# I'rojvr orient \t ion on the paf 4 o, 
2. Distinct.! continuous, relatively straight 
lines. 

3# Accurate intersections with no substantial 
Rapping or ovsrh:uv;inf% 

4. Tiv diagonal forus an an^le of ^0 decrees 
x/ith each adjacent vertical, (Angle A «■ 
Anr.lo C - W) . 

5. The verticals „ arc equal 
in length. (AB - DC)' 

6. I!o lateral reversal. 



Method: 

Ku;ub-?r of lines: 2 

Number of directions: 3 
Appearance : 

1« Proper orientation on the page. 

2* Distinct g continuous 9 relatively straight 

3» iM'M-inct, continuous, relatively smooth 
curve. 

km Acer, rat e interaction with no substantial 

parkin ~ or ov ;*'h*n*in*« 
5» r ."h"2 curved ce ; f -:uc extends through ICO* of 

the .lcn;th or' the vertical. {?J ■ A3) 
6, The d»sU»nce Vitv;jcn the vortical and the 

outeivost poiiit of the rj<-;ht vertical seamen 

in 100"' of tin length of the vertical, 

(AO AB) 

7# 'thj ri/;ht vertical se;/:ent is parallel to 

the loft vcrtieil. (AD DC) 
8. :o 1 't->ral rev.n\.al« 
9 • J -V* v tic ?.l ro t ! L i on • 
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Method: 

f.'ml^r of 1 ines: 1 

N'ui..t«r of directions: 2 
App»orancc : 

t. Ltfstinct, continuous, relatively c:.»oth 
curve. 

2. A round or vortical oval shapj, i.e., a 
horizontal, dian^tcr is 75*1 - t00'4 of a 
vertical di order. .= 75-I00I AC) 



Ifcthod: 

tor'Vcr of linos: ' 1 

Jfoucber of directions: 2 
Appearance : 

1. Distinct, continuous, relatively s:::ooth 
curve. 

2. A round or vertical oval shapn, j.e., a 
horizontal diomter is - 100 I. of a 
vortical dlar.3ter. ( BD - 75-1001 AC) 
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Kothovi: 

Km it *ir of 1 ine:;: 2 
llxu^r of dir.? ;tiony: 3 
Api>?:irnnoc : 

1. Proper orientation on tho p.r;o # 

2. Distinct, continuous, relatively straight 
line . 

3* Distinct, continuous, relatively smooth 
curve. 

k. Accurate intersections with no substantial 
C&pping or overhanging. 

D5« Tho distance between the vertical and the 
c outermost point on the curve is 251 - 75^ 

of th e l-n-th of tho vertical. ( B3 » 
25-75^ AD) 

6. The lo;;-r segment of the curve intersects 

the vertical at its midpoint. (AC «= CD) 
7# V.o lateral reversal. 
8. Ko vertical rotation. 



Method: 

I.'inber of lines; 2 

t?unb>r of directions: 3 
Appearance : 

1. Proper orients ion on the page. 

2*. Distinct, continuous, relatively straight 
line . 

3- Distinct, continuous, relatively sr:ooth 
Curve. 

Accurst- intersections with no substantial 

iy*'?iaz or ovorh<uvjjn<;. 

' hi v?r'-ip.nl out.; of'; no r.ore than t5*> 

A round or vortical oval shapo, i.e.,' a 
A e hori'zont.a dia;:«ter is 75 ' - 100 J of a 

rKT\ o vortical dieter. ( CD - 75-100 < 2F) 

1-njth of tin vortical is twice the 
f Lm;;th of a vertical diir.itcr of the curve. 

( AD « 2 •?) 
8. !'o T^tervO r^v^rs^l. 
9t vjrde rotation. 
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Kcthocl: 

rui'ibor of linos: 2 > 

Kiribor of directions: 3 
Appearance : 

1. Proper orientation on the? pngi? # 

2. Distinct, continuous, relatively straight 
lino. 

3* Distinct, continuous, relatively smooth 
curve. 

h. A round or vertical oval shape, i.e., a 
horizontal dianetcr is 73 •' - 100 '> of a 
vertical dimeter. (CD 75-100^ AC) 

5. The diagonal is 25 : - 50 < of the length of 
D a vortical diar^ter. ( 3F « 23-%,' AC) 

6. The diagonal is located in the lover right 
quadrant, i.e., no lateral reversal or 
vertical rotation. 



Kcthod: 

i Ju^bor of lines: 2 

fJur.iber of directions: 3 
AppMrcnce: 

1. Prop-ar orientation on the page. 

2. Die tine t, continuous, relatively straight 
line. 

3^ Distinct, continuous, relatively smooth 
curve • 

4. Accurate intersections vith no substantial 
rapping or ov rrlr.n-inr. 

6. vortical cmL, o J . % f no rare lhf-n 15 > 

of t:v % co "VL.^.vi curve. 
A round or vortical oval shape, i.e., a 
hori:',o-tal diar.-ter is 7J'j 100'^ of a 
vertical di^v;te.\ ( %? - 75-1 00 ' CD) 

7* The lcn',lh of t^e vertical is tuico the length 
of a vertie.il di •r.^tor of the curve. (A3 « 2d: 

0. r:o lateral r.jvorj;0L. 

9» I«'o vertical rotation. 



68 . 
H '! f 9 



Method: 

Nurib-v of linos: 3 

lhu.;l.er of directions: k 
Appcaivuco: 

1. Proper orientation on tho pa<;e. 

2. Distinct, continuous, relatively straight 
Hnes. 

3. Distinct, continuous, relatively smooth 
curve • 

4. Accurate intersections with no substantial 
pappin* or overhanging* 

5# The interior an^lc forced by the diagonal 
and tin lover se~nent of the curve is 
120 decrees. (Ar^le BD3 ■ 120) 

6. "iho distance lnt::een the vertical and the 
outermost point on the curve is 25'' - 75' « 
of the lennth of the vertical. ( R} ■ 
25-75'' ABC) 

7. The diagonal and the /ertical arc extended 
downward to th° same hoi'isontal -plane. 

8. The lov.:r c"*.pn ,% nl of tho curve intersects 
Uw vertical at its nidpoint. (AD - 3C) 

9. I.'o lateral reversal* 
10. No vertical rotation* 



Method: 

Number of lines: 2 

limit *:r of dir.;ctjoTi.?j 2 
Appearance : 

1* Proper orientation on the p-i«c« 

2. Distinct, continuous, relatively straight 
line. 

3# Distinct, contiguous, relatively smooth 
curve. 

4. Accurate intersection t/ith no substantial 
/janpin^ or overhanging* 

5* Yin curved so;;r >nt extends through 25' of 
the lon ; ;th of the vertical. (2F « 2 j i AC) 

6. Tho distance fro;: the vertical to the outer- 
most point on ten curve is 75*' of tho length 
of the vertical. (E f ) - ?j'> AC) 

?. Tho point of intersection is 20* fron the 
top of the vertical. (AD » 20/> APC) 

8* V.o lateral reversal. 

9t i.'o vertical rotation. 
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Kcthocl: 

Kur.Vor of li r. rt n : 1 

Kur.b-T of directions: 3 
Apjv;uvnce : 

1. Proper orientation. o:i tho r^f;e. 

2. Distinct , continuous, relatively smooth 
curve, 

3. The upper and lover s'^nonts of the curve 
arc equal in size. (Ad = CD; F/S - TO) 

h. Tho letter ;;idth is 50 ' of tho vortical 

h'n^ht. (A3 - 50 1 '* SIT}) 
5. I.'o lateral reversal. 



Method: 

TuT-V-or of ] ines : 1 
KursV*»r of dir^Uons: 3 

Appearance : 



t. 


Proper or J 


•Mil.atinn on 


tho p?£e. 


2. 


Distinct, 


coatinuoua , 


relatively smooth 




curve. 






3. 


'"l:n uppor 


nr.d lo:.\;r r 


*j;:<:nts of tho curve 


a>'o cqu-'l 


in 0 


CD; 2? - YCt) 




':he 7 otter 


luh i-j j 


0 ^ of the vortical 




h-i-ht. (\ 


*j - ;;o? 


) 


5. 


::o lateral 


reversal. 
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Method : 

Kur.bor of linos: 2 

Limber of directions: 2 
Appearance: 

1. Proper orientation on the p^e. 

2. Distinct, continuous, relatively straight 
linos* 

3. Accurate intersection with no substantial 
gapping or overhanging, 

h. The horizontal is per pond icular to the 
vertical. ( An:;lc A3!) * 90) 

5. The horizontal is 50 ' - 100,5 of the length 
of the vertical. (AC * 50-100^ I3D) 

6. The intersection of the horizontal and the 
vertical is located at the midpoint of the 
horizontal. (A3 » BC) 

?. Mo vertical rotation. 



Method: 

Kur.bor of linos: 2 
y.urtor of directions: 2 
Appearance: 

1. Proper orientation on the page. 

Dis tinct, continuous, relatively straight 
lines. 

Thfi horizontal is perpendicular to the 
vortical. (An^lo A?1 =» An^'lc D*:C « 90) 
The horizontal is 50 ? of thclcngth of the 
vertical. ( 37JD « 50.'; ASC) 
The horizontal intersects tho vertical at 
a point 33*5 fron tin top of ths vortical. 
(A3 * 335 ABC) 

The horizontal is intersected at it<3 nidpoint 
(IK? - SD) 

No vertical rotation. 



2. 
3. 

5. 

6. 
7. 
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rcthod: 

J.'unber of lines: 1 > 

Number of directions: 3 
Appearance: 

1. Proper orientation on the pa#>. 

2. Distinct, continuous, relatively straight 
linos* 

3. Distinct, con I in: our;, relatively smooth 
curve ♦ * 

k. The curve extends through 25'' of tho total 
vertical length. (IXJ = 25* 3DC) 

5* The vertical scjronts are equal in length. 

6. The horizontal r'intrjico botvoon the vortical 
scsnrai.3 is 50'' - 100"' of tho length of 
the verticals. (A3 » 50-100* KG) 

?• Ko vertical rotation. 



Kcthod: 

f'V'ibor of lines: 2 

.\'u:ibor of directions: 3 
Appearance : 

1. Proper orientation on tho pa^e. 

2. Distinct, continuous, relatively straight 
lines. 

3« Distinct, continuous, relatively smooth 
curve. 

k. Accurate in tercet lea with no substantial 
Capping or overhrn \in?,. 

5. The curve! C'-;-i.:ont extend:-; through 100;* of 
the length of the ri.;ht vertical. 

(FTr - EC) 

6. The di.: tr.r.ee fciU'ojn the vertical and the 
outcrno^t t. >5nt on tivj left vertical neurit 
is 100< or the l-n;;th of the vjrtic;0L. (VJ - 

7. The left, vu^.ical j-:.ent is r /allel to Lho 
ririht vjrtical. (/} :;c) 

8. iVo lateral r*ver,;al. 
9> To vorlicnL rotation. 
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Ifcthod: 

fiunVer of linos: 2 

Nunber of directions: 2 ^ 
Appearance: 

It Proper orientation on the pa*e. 
2. Distinct, continuous, relatively straight 
lines. 

% Accurate intersection with no substantial 

pp.poin^ or ov^rhnnginfj* 
h. 'I he diagonals intersect to form an angle 

of k$ dodoes. (Anjlo C = ; 

5. Tho di Agonal s are equal in length, (AC « EC) 

6. tlo vertical rotation. 



Method: 

Hunter of linos: 2 

Eurter of directions: 2 
Appearance: 

1. Proper orientation on the page. 

2. Distinct, continuous, relatively straight 
lines. 

3. Accurate intersection idth no substantial 
rnrjtjine; or O'/vM'han^in^, 

4. The dia^oiialn intersect to forn an angle 
of do-re-j. ( ingle C « k5) 

5* 'ite di^non.i.1 a are cjual 3n length. (AC » EC) 
6. I!o vortical rotation. 
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Method: 

„ Ihimbnr of Hnoo: h 

Number of directions: ^ N 
Appearance: 

1. *Yopr>r oriental Ion on tho p.\:e. 

2. Distinct, continuous, relatively straight 
lines, 

3. Accurate interactions xtith no substantial 
gapping or overhanging, 

h. The outer diagonals form angles of kO 
decrees idth a 7 * icon t inner diagonals. 
( Angle 13 « AirO.e D ■= '«)) 

5. The inner diagonals intersect to forrt an 
rnslo of 50 de-ivos. ( An;;le C « 50) 

6, Tho out-r diagonals are equal in length, 
(A3 - SO) 

7. The inner diagonals are equal in length. 
(BC « DC) 

8, The inner diagonals intersect at a point 
mid::ay tettrcon tho outer di^onals at tho 
hcirht of their midpoints, (AF » FB; EG ■ DO) 

9# No vortical rotation. 



I'athod: 

f'unber ->T Vinos: 

Kunfcr c:* cliv-ction k> 
Appearance: 

1. P>t>r }r orientation on tho pifje. 

2. Distinct, continuous, relatively straight 
lines, 

3. Accur-te intersections *.,ith no substanLial 
frapphv; or ovcr^ai^inj*, 

fc. lIio out-r dia^on^ls for:a of i>0 decrees 

with adjicont inu-jr diagonals, (An~le 3 •» 
Anrle 1) « /;0) 

% The iriiin- dia^o.-r/ls inV;rsect to form an 
cn^le of 50 degrees. (Ancle C « 50) 

6. All diagonals aro equal in length. (AB * DC « 
CD » D^) 

7. f!o vortical rotation. 
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Method: % 

Wunher of linos: 2 

Ihnber of directions: 2 
App:«*: ranee: 

1, Proper orientation on the pace. 

2. Distinct, continuous, relatively straight 
lines. 

3 # The diagonals inter "t to forn vertical 
angles of ?0 degrees, '.angle A"D 13 Anglo 
BMC - 70) 

k 9 The dia;;on..\1s are equal in length. (AC BD 
5. Tho dia?oti'»lr, intersect at their midpoints, 

(as - kc; >:•;•; - ED) 



Method: 

Hir&rsr oT lines: 2 
Eumhsr of directions: 2 
Appearance : 

1. Proper orientation on the page, 

2. Distinct, continuous, relatively straight 
lines. 

3. The diagonals intersect to forn vertical 
angles of 70 degrees, (Anfile A'JD * Angle 

d::c « 70) 

k, iho dio.^on^l'j are equal in length* (AC * DD) 
5. L'ho dia;:or/il^ intersect at their midpoints, 
(AS • EC; 3.2 - 3D) 

d 
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ynthori: 

Nurcbor of linos: 3 

Kunbcr of direction:, j 3 
Appearance : 

1. Proper orientation on tlv? pa^e. 

2# Distinct, continuous, relatively straight 
linos • 

3# /.ccmv.te inti*r:/ ction with no substantial 

gapping or ov 'ch-in^ing. 
4. The diagonals intersect to form an an^le 

of 00 donrees. (Anglo 3 85 80) 
5» Thn vortical for. is an an^lo of IkQ degrees 

trith each adjao.Mt diagonal. (Anglo B » 

Anglo F - 1^0) 
6# Th'j vortical ;:nd the diagonals aro equal 

in longtlu 
7# Ko vortical rotation. 



I-'othod: 

Ifurcb^r of linos: 2 

Xunhor of iliractvvi.i: 2 
^ppearanco : 

i, Pixjp t orientation on the p?go« 

2« Djnt'»not f coiit i uuous, rol itivuly straight 
linos* 

3# /.ccv.v ; .c in-.-r-; :ftion with no substantial 

£^r,Vn" or O'v^i nj;ui;;. 
k. 2h? di;-gon/*l; target to fern an ar.-;le 

of ''J dogiv^s. (-n-lo A~'3 - 65) 

5. Th: l>ft diarr.-L is 5G''< of ths l*n*th of 
tho ri ;ht dJ" . (A3 - j0/> C30) 

6. lh-3 V;ft dia, .) L intaro^ct:; tin right 
diagonal at itj r:i/ipoiat, ( C.I - D3) 

7# Ho Literal r.j. ^v;il. 
0. ?!o vertical ruction. 
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Mothort: 

l\\r>hov of lifv-;: 3 

!!unb»r of direction.;: 3 
ApjvMivinco : 

!• Proper orit-ntation on tin* pn^o # 

£• Distinct, continuoii:;, relatuiily straight 
linoc# 

3. Accurato interactions with no substantial 
n«ippin;j or ovorhnnjins* 

4. The diagonal for. r .s an an^le of 60 degrees 
with each adjacent horizontal. 

(Anjle 3 t: Arylc C 60) 

• 

b'. The horizontals aro 50 > of tho length of 
the diagonal. (AM fc CD - 50o BC) 
No lateral reversal. 



Method: 

IlunVor of Urns: 3 
-*?r of directions: 3 
Apcoarance : 

1. Proper orient! 1 ; ion on the pa^ft* 

2. Distinct, cc.\t?j.uuu3, relatively straight 
linos- . 

3. ^o«airato int.-sr ; rt o«ic:i j uith no substantial 
■;apnin; or ov^rh^n^Jn^, . 

'h'i c!i'\;o,vl fori an r.r'lo of i<0 dc-ro^ 
with croh c:d.irc:nt horisonLsIt ( An-'le 3 *» 
Anglo C * £0) 

* • 

•J. In l*or)an.i*-Vi f/i> of Li: • 3<n;th of 

the dir:o:vA. (A'i « CJ - 60 I SO) 
C. r.'o lateral rovc-r.-j.il. 
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